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Introduction
This is a final report that covers the period 10/01/2000-09/30/2003 and will therefore be a
summary of the purpose and results of the research completed during this time.

The aim of this proposal was to identify prostatic stem cells by a novel in vivo approach using
prostatic basal and luminal cell lines that we have established in culture (1, 2). The stem cells of
any organ renew the tissue throughout the lifespan of the individual. They are long-lived cells
that divide infrequently. Most of the cell division in an organ takes place in the post-stem cell
compartment, the transit-amplifying (TA) cell population (3, 4). The identification and
characterization of stem cells is important since they represent a major target of carcinogenesis
as well as a potential source of benign prostatic hyperplasia (BPH) (5, 6). The location of
prostatic stem cells is currently unknown. They are generally considered to lie within the basal
compartment (7, 8) although some evidence indicates that luminal cells may also have stem cell
properties (9, 10). An important feature of stem cells is their ability to engraft in their appropriate
niche. The first aim of this proposal was to transfect our normal murine cell lines with GFP and
to determine whether the basal and luminal cells can engraft intraprostatically in a novel prostate
transplant assay that we proposed developing. Evidence of engraftment in vivo would indicate
that the cell lines had features of stem cells. We were able to show that GFP-tagged basal cells
give rise to luminal cells in two in vivo assays. The second aim was to study the characteristics
of prostatic tumors that arise after transformation of basal and luminal cells. The cell lines were
transformed with the ras oncogene and the composition and characteristics of the tumors were
examined. We wished to determine whether transformed basal cells could give rise to luminal
cells as most prostatic tumors have a luminal phenotype. As the stem cell compartment is
considered to reside in the basal layer (7, 8, 11) and as tumors may originate from the
transformation of stem cells (6) it is puzzling that most prostatic tumors express a luminal
phenotype. Using ras transformed basal cells we have shown that these cells gave rise to tumors
that contained both basal and luminal cells indicating that transformed basal cells can give rise to
transformed luminal cells in vivo.

Body

Aim 1. This aim examined the ability of our prostatic cell lines to behave as stem cells and to
engraft and form prostatic tissues in vivo.

Tasks 1-3. The normal basal and luminal prostate cell lines were transfected with GFP and their
behavior studied in vitro and in vivo. Some of these results have been described in two
publications that are attached to this proposal (12, 13).

A characteristic of stem cells is their ability to home, engraft and proliferate in their ‘niche’
within their compartment. Definitive identification of stem cells requires functional in vivo
assays that permit engraftment of tagged candidate stem cells that produce differentiated
progeny. We created a stem cell niche in the prostate and have shown that GFP-tagged donor
cells engraft, proliferate and differentiate into luminal cells within this niche. The niche was
created by castrating 4-week old C57Bl/6 mice and allowing prostate involution for 20 days. Our
cloned basal epithelial cell line was tagged by stably transfecting the cells with the vector
pTracer-SV40 (Invitrogen, CA), that allows GFP expression by the cells. The GFP-basal line
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was inoculated into ‘primed’ involuted prostates of animals that had received a subcutaneous
androgen pellet 24 hr prior to cell inoculation. Once the prostate had regenerated (14 days),
animals were cycled by removing and adding androgen to amplify any GFP-expressing cells that
had incorporated into ducts. Paraformaldehyde fixed tissue was examined
immunohistochemically using a specific antibody to GFP (Invitrogen). Fig. 1 shows that the
cloned GFP-labeled basal cells incorporated into some prostatic ducts and gave rise to GFP-
labeled luminal cells. This indicates that prostatic basal cells can incorporate into prostatic ducts
and give rise to luminal cells in the first example of an in vivo prostate transplant model.

Fig. 1. GFP-expressing basal cells engraft in the regenerating prostate. GFP-
basal cells (2.5 x 10° cells/lobe/10 pl) were inoculated into involuted prostates of
castrated mice given androgens 24 hr prior to inoculation to stimulate growth.
(A) Section using a control antibody. (B) Engrafted cells were detected using an
anti-GFP-antibody and a secondary HRP-conjugated antibody with Vector Nova
Red as substrate. GFP-basal cells were incorporated into the ducts and gave rise
to GFP-luminal cells. Insert-high magnification of section of duct. Bars=70 pm.

To quantitate the overall level of engraftment we examined digests of prostates of animals using
immunocytochemical methods for GFP and basal cytokeratin expression after the animals had
been cycled for 1, 2 or 3 cycles by adding and removing androgens. This was done to determine
if androgen cycling increased the numbers of engrafted cells. We found that the numbers of
GFP-expressing basal cells increased from approximately 1% after 1 cycle to 5% after 2 cycles
and to 28% after 3 cycles indicating progressive amplification of the engrafted GFP-basal cell
line under these conditions.

The basal and luminal cell lines were also inoculated under the renal capsule (RC) in the absence
and presence of our prostate smooth muscle (SM) cell line (1) in intact and castrated animals to
study stromal/epithelial interactions in vivo. These results have been published and the
manuscript is attached (13). They indicate that prostatic tissue containing stromal and epithelial
elements including ductal elements (See Fig. 2, (13)) was generated under the RC when the basal
and luminal cell lines were inoculated with SM cells whereas none of the lines formed
significant tissue when inoculated alone (See Fig. 1, (13)). The luminal cell line produced
prostatic secretory products specific to that of the dorsolateral prostate from which the line was
isolated (See Fig. 2G,H, (13)). Castration reduced the amount of tissue formed when basal and
SM cells were co-inoculated, indicating that the growth of this tissue is androgen responsive (See
Fig. 3, (13)).

The basal cell line was also inoculated under the RC in the presence of urogenital sinus
mesenchyme (UGM) which is known to promote prostate growth and development. Sections of
this tissue indicated that the basal cell line could form prostatic ducts that contained both basal
and luminal cells indicating that basal cells could differentiate into luminal cells under the RC
(Fig. 2).




Fig. 2. GFP-expressing basal cells form prostatic ducts containing basal and luminal cells under the renal
capsule (RC). GFP-expressing basal cells (10° cells) were inoculated with urogenital sinus mesenchyme cells
(2.5x10° cells) under the RC. After 12 weeks the resulting tissue was examined immunohistochemically for
cytokeratin expression. (a) Basal cells gave rise to prostatic ductal tissue expressing basal cytokeratins (CK 5). (b)
The ductal tissue arising from basal cells also contained cells of luminal origin (CK 8; arrows). (c) Control sections
using normal IgG gave no staining confirming the specificity of the CK 5 and CK 8 staining. Bars = 100ym.

These results indicate that our normal basal cell line has stem cell features as it engrafts into a
regenerating prostate, proliferates and gives rise to mature luminal cells both intraprostatically
and under the renal capsule.

Aim 2. This aim examined the characteristics of tumors that arose from transformed basal and
luminal cell lines and determined if transformed basal cells could give rise to tumors containing
luminal cells.

Tasks 4-8. Our prostatic basal and luminal cell lines were transformed and GFP-tagged using an
N-rasV12 construct and their properties examined both in vitro and in vivo. Some of these results
have been published in an attached manuscript (12).

We studied four transformed cell lines (one basal and three luminal) and all formed subcutaneous
tumors (See Fig.4, (12)). None of the lines was metastatic. The lines formed tumors that grew
equally in intact and castrated mice indicating that they were not androgen sensitive. The rate of
subcutaneous tumor formation of the transformed basal cell line (TE-B-1) and one of the luminal
cell lines (TE-L-4) was considerably enhanced by the simultaneous inoculation of prostatic
smooth muscle cells (see Fig. 5, (12)). As prostatic smooth muscle tightly envelops the
epithelium this may indicate that smooth muscle may interact with adjacent epithelium to
promote prostatic tumor growth. One of the transformed luminal cell lines (TE-L-4) gave rise to
tumors that contained ductal structures strongly expressing luminal cytokeratin 8. (See Fig. 6D,
E, (12)). The basal cell line also formed tumors when inoculated intraprostatically and under the
renal capsule. These cells were more tumorigenic when inoculated intraprostatically than
subcutaneously with tumor volumes approximately 2.7 + 0.2 g for intraprostatic tumors vs 0.3 =
0.1 g for subcutaneous tumors and 1.2 + 0.2 g for sub-renal capsule tumors (Fig. 3).
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A puzzling feature of prostate carcinoma is the fact that most human prostate tumors have a
luminal rather than a basal phenotype. If the stem cells reside in the basal compartment (7, 8, 11)
and our data (see results in Aim 1) and if tumors arise from the transformation of stem cells (6)
then prostate carcinoma would be expected to have a basal phenotype. We therefore determined
if transformed basal cells could give rise to cells with luminal features. Both intraprostatic (See
Fig. 7, (12)) and sub renal capsule (Fig. 4) tumors contained cells expressing luminal features (as
evidenced by the presence of luminal cytokeratin 8). This indicates that tumors with a luminal
phenotype may arise from transformed basal ‘stem’ cells. It is therefore possible that by the time
prostate cancer is diagnosed the luminal cells may have proliferated to such an extent that the
basal origin of the tumor is obscured. This may explain how a transformation event taking place
in a basal ‘stem’ cell can result in a prostate tumor whose cells express predominantly luminal
rather than basal cytokeratins.
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Fig. 4. GFP-expressing ras-transformed basal cells form tumors containing basal and luminal cells under the
renal capsule (RC). GFP-expressing ras-transformed basal cells (3x10° cells) were inoculated under the RC. The
tumor tissue was examined immunohistochemically for cytokeratin expression. (a) Ras-transformed basal cells gave
rise to tumors expressing basal cytokeratins (CK 5). (b) The tumor tissue arising from transformed basal cells also
contained cells of luminal origin (CK 8). (c) Control sections using normal 1gG gave no staining confirming the
specificity of the CK 5 and CK 8 staining. Bars = 100um.




Key research accomplishments

1) Generation of normal GFP-tagged prostatic basal and luminal cell lines.

2) Generation of a panel of ras-transformed GFP-expressing basal (one cell line) and luminal cell
lines (two ras-transformed, one spontaneously transformed) that are tumorigenic in vivo.

3) A novel intraprostatic transplantation model in which our normal basal cell line engrafts,
multiplies and differentiates has been established.

4) Normal basal cells have been shown to differentiate into luminal cells in two in vivo assay —
the intraprostatic transplantation assay and also in a sub-renal capsule assay. This indicates that
this basal cell line is useful as a stem cell model as it regenerates itself and gives rise to
differentiated progeny.

5) Normal prostatic smooth muscle cells promote the growth of some of the tumor cell lines in
vivo. This indicates that prostatic smooth muscle cells adjacent to tumor cells may interact with
them and enhance their tumorigenic potential.

6) Intraprostatic and sub-renal capsule inoculation of ras-transformed basal cells give tumors that
contain both basal and luminal cells. This indicates for the first time that tumorigenic basal cells
(arising from transformed stem cells) can give rise to prostatic tumors than contain cells with
luminal features.

Reportable outcomes

1) We have developed a panel of GFP-expressing normal and ras-transformed basal and luminal
prostatic cell lines that are available for distribution.

2) Some of the results of this work have been published in two manuscripts (12, 13). See
appendix.

3) Sarah Salm applied successfully for a DOD postdoctoral fellowship based partially on some
early data obtained from this project.

Conclusions

These results are important for prostate carcinogenesis for a number of reasons. Prostate
tumor cells and normal stem cells have many common features. These include infinite life span,
androgen independence, multi-drug resistance and telomerase expression. It is therefore evident
that the isolation and culture of prostate stem cells may enable the design of rational new
therapies to treat prostate carcinoma. Our results show that a normal prostate basal cell line can
engraft intraprostatically and under the renal capsule and give rise to luminal cells indicating that
this basal cell line has stem cell features. This cell line will therefore be a valuable resource in
exploring the manner whereby basal stem cells differentiate into luminal secretory cells and the
mechanisms by which this process is regulated.

In addition, we have created a panel of transformed prostate cell lines that are
tumorigenic in vivo and that have a number of special features of interest. A transformed luminal
cell line (TE-L-4) that forms tumors with a differentiated phenotype containing ducts lined by
cells expressing luminal cytokeratins will be useful for determining mechanisms whereby some
tumors maintain differentiated functions whereas others express only undifferentiated features.



The most interesting finding to emerge from our studies is that transformed basal cells
can give rise to tumors that contain luminal cells. As prostate stem cells reside in the basal layer
and as basal stem cells are the likely targets of transformation it has been puzzling that most
prostate tumors have a luminal phenotype. Our results may explain this paradox as transformed
basal cells may give rise to tumorigenic luminal cells. By the time prostate cancer is clinically
evident most of the basal cells within the tumor may have been replaced by cells with luminal
features.

We have also shown that prostate smooth muscle cells can promote the growth of
prostate tumors. This indicates that smooth muscle cells may contribute to the progression of
prostate tumors and that paracrine signaling between basal and smooth muscle cells may be
involved in this process.
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Stromal/Epithelial Interactions of Murine Prostatic
Cell Lines InVivo: A Model for Benign Prostatic
Hyperplasia and the Effect of Doxazosin onTissue Size

Tetsuya Takao,"** Akira Tsujimura,® Sandra Coetzee,' Sarah N. Salm,’

Herbert Lepor,** Ellen Shapiro,>* David Moscatelli,"*
and E. Lynette Wilson'**

'Department of Cell Biology, New York University School of Medicine, New York, New York
2Department of Urology, Osaka University Graduate School of Medicine, Osaka, Japan
3Department of Urology, New York University School of Medicine, New York, New York
4Kaplan Cancer Center, New York University School of Medicine, New York, New York

BACKGROUND. One of the major constraints in elucidating the mechanisms involved in the
etiology of benign prostatic hyperplasia (BPH) is the lack of suitable model systems that are
readily manipulable in vitro and in vivo. To address this issue, we have used murine prostatic
cell lines to establish a novel in vivo model for studying prostatic cell interactions.
METHODS. Luminal, basal, and smooth muscle (SM) cell lines were inoculated alone or in
combinations under the renal capsule of intact or castrated male mice, and the growth and
composition of prostatic tissue in the absence or presence of doxazosin was determined.
RESULTS. Both the luminal and basal cell lines reconstituted prostatic tissue if co-inoculated
under the renal capsule with normal SM cells, whereas none of the lines formed significant
tissue when inoculated alone. Luminal cells produced and secreted prostatic secretory
products. The growth of prostatic tissue formed from co-inoculation of basal and SM cells was
androgen responsive. In addition, a significant reduction in prostatic tissue was noted in
animals treated with doxazosin.

CONCLUSION. We have established an in vivo model that uses prostatic epithelial and SM
cell lines for investigating cellular interactions between epithelial and SM cells that regulate
prostatic growth and function. This model will be useful for delineating the mechanisms by
which prostatic cells interact and in determining the efficacy of new approaches aimed at
interfering with prostatic stromal/epithelial interactions that result in abnormal cellular
proliferation. Prostate 54: 17-24,2003. © 2002 Wiley-Liss, Inc.

KEY WORDS:  benign prostatic hyperplasia; prostatic cell lines; androgens; doxazosin

INTRODUCTION

Although benign prostatic hyperplasia (BPH) occurs
with high frequency in the aging human male, its exact
etiology is currently unknown [1,2]. It is a disease in
which dysregulation of the prostatic stroma results inan
increase in the stromal to epithelial ratio from 2:1 to 5:1
and in which both epithelial and stromal compartments
of the prostate proliferate [34]. In the adult, prostatic
smooth muscle (SM) produces a variety of growth
factors that influence the behavior of the adjacent
epithelium [5-8]. BPH may develop from an imbalance
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between cell proliferation and cell death, which may
result from perturbations in cellular interactions be-
tween the prostatic stroma and its adjacent epithelium
[9,10] or from a reawakening of the inductive potential of
the adult mesenchyme [11,12]. It has also been proposed
that aberrant stem cell proliferation may contribute to
the development of BPH [13].

One of the major constraints in understanding the
underlying causes of BPH is the lack of suitable model
systems to investigate the etiology of this disease. There
are only a limited number of animal models for
studying BPH. Canines can be used for these purposes,
as they develop naturally occurring and experimen-
tally induced androgen-sensitive prostatic hyperplasia
[14,15]. Recently, the spontaneously hypertensive rat
was shown to develop adenomatous BPH with a mild
increase in prostatic stromal elements [16]. In addition,
male transgenic animals in which int-2 (a member of
the fibroblast growth factor family) is overexpressed
develop an epithelial BPH that is hormonally sensitive
[17]. A mouse prostate reconstitution model in which
transforming growth factor beta (TGF-B) is over-
expressed results in hyperplastic lesions that resemble
BPH [18,19]. In addition, the combination of urogenital
sinus mesenchyme with epithelial cells provides a
good experimental system for delineating the epithe-
lial-mesenchymal interactions that may be involved in
abnormal proliferation of prostatic compartments [5-
8]. We considered that one of the deficiencies hamper-
ing the ability to delineate mechanisms involved in
prostatic stromal/epithelial interactions was the lack of
a panel of normal hormonally sensitive prostatic cell
lines from an inbred strain of mice that could be used
both in vitro and in vivo to study cellular interactions.
To address this deficiency, we have established several
prostatic cell lines from p53-deficient animals that
include a smooth muscle (PSMC1), a basal (PE-B-1),
and a luminal (PE-L-1) cell line [20-22]. We find that
little growth of prostatic tissue results when each
individual cell line is engrafted under the renal capsule,
whereas both the luminal and basal cell lines recon-
stitute prostatic tissue in the presence of normal SM
cells. As doxazosin, an al-adrenergic antagonist, has
been shown to inhibit growth by inducing apoptosis in
an experimental BPH system [23] and in prostate cancer
[24], we determined its effects on tissue growth under
the renal capsule. Doxazosin was observed to diminish
the amount of prostatic tissue formed in vivo.

MATERIALS AND METHODS

Cell Lines and Engraftment Under the Renal Capsule

. Prostatic smooth muscle (PSMC1), luminal (PE-L-1),
and basal (PE-B-1) cell lines were established from

p53 null C57BL/6 mice and cultured as previously
described [20—-22]. In some instances, cell lines (PSMC1,
PE-L-1, PE-B-1) that had been stably transfected with
the expression tracer vector pTracer-SV40 (Invitrogen,
Carlsbad, CA), which contains a green fluorescent
protein (GFP)-Zeocin fusion gene, were used to verify
that prostatic tissue was of donor origin.

Cells were cultured in their appropriate media and
harvested by trypsin treatment from culture dishes
when approximately 80% confluent. Cell combinations
were prepared by mixing 2.5 x 10° basal or luminal
cells with 5 x 10° SM cells. When basal, luminal, and
SM cells were combined, 1.25 x 10° basal, 1.25 x 10°
luminal, and 5 x 10° SM cells were mixed. Each cell
type was also grafted alone by using 7.5 x 10° cells.
Cells were pelleted and resuspended in 30 pl of typel
collagen (Vitrogen-100 collagen from Collagen Cor-
poration, Palo Alto, CA). The collagen was allowed to
gelat37°C for 15 min, and the gels were grafted beneath
the renal capsule of 6-week-old male C57BL/6 mice
(Taconic, Germantown, NY) [25] (tutorial for technique:
http: /mammary.nih.gov/tools/Cunha001/index.html).

To determine the effect of androgen on tissue
growth, collagen gels were implanted into intact
animals and those that had been castrated 9 days
before gel implantation. In these instances, 1 x 10° basal
or luminal cells together with 5 x 10° SM cells were
implanted in collagen gels. To determine the effect of
doxazosin on tissue growth, collagen gels containing
1 x 10° basal, 1 x 10° luminal, and 6.7 x 10° SM cells
were implanted under the renal capsule. Each cell
combination was implanted under the renal capsule
into at least five kidneys for each experiment. Dox-
azosin or sterile water was administered intraperito-
neally at 3 pg/gbody weight/day for 6 weeks. Previous
data indicate that this dosage was effective in a mouse
prostate reconstitution model [23]. In addition, com-
plete blockade of al-adrenoceptors of rodent cells are
achieved at this dosage as the effective dose in rodents
is approximately 0.3 pg/g. Toxic effects are not
anticipated from the dose we used as the lethal dose
is in excess of 200 pg/g [26,27]. Animals were killed
between 4 and 6 weeks after gel implantation and
the dimensions of each graft were measured. Tissue
volume was calculated by the formula (length x
width x width x 1/2) [28].

Immunohistochemistry

Kidneys were fixed in 70% ethanol or 4% parafor-
maldehyde and immunohistochemistry was perform-
ed as described previously [20-22]. Mouse monoclonal
antibody to cytokeratin 8 (Progen Immuno-Diagnos-
tica, Heidelberg, Germany) and cytokeratin 14 (YLEM,
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Rome, Italy) were directly coupled to horseradish
peroxidase (FIRP) by using Dako’s Envision -+ kit
(Dako, Carpinteria, CA) and detected by using DAB
as the substrate. Rabbit polyclonal antibodies to secre-
tory products that are specific to the dorsal prostate
were a gift from Dr. C. Abate-Shen (Piscataway, NJ;
Kim, Shen, and Abate-Shen, manuscript in prepara-
tion). A wide spectrum anticytokeratin rabbit poly-
clonal immunoglobulin (Ig) G was a gift from Dr. T.-T.
Sun (New York, NY). Antibodies to a-smooth muscle
actin (Sigma Chemical Company, St. Louis, MO) and
GFP (Invitrogen) were detected by using appropriate
secondary HRP-linked antibodies (Amersham Life
Science, Inc., Arlington, IL) or appropriate secondary
biotinylated antibodies (Dako; Vector, Burlingame,
CA) by using the Vectastain Elite ABC kit (Vector).
Nonimmune serum or appropriate IgG was used in
place of primary antibodies for controls. Sections of
prostatic tissue or tissue obtained from a transgenic
mouse expressing GFP in all tissues (Jackson Labora-
tories, Bar Harbor, ME) were used as positive controls
for all antibodies.

RESULTS

Co-Inoculation of SM Cells With Basal or Luminal
Epithelial Cells Promotes Tissue Growth InVivo

As stromal/epithelial interactions are important for
the development and function of the prostate [29-31],
we determined the effects of co-inoculation of the
luminal or basal epithelial cells with the SM cell line
under the renal capsule. A small amount of prostatic
tissue was found when the basal, luminal, or SM cells
were inoculated alone (9.8 +7.5,10.4+13.9, and 21.6 &-
15.8 mm®, respectively) (Fig. 1). In contrast, striking
growth of prostatic tissue was noted when either basal
or luminal epithelial cells (2.5 x 10 cells/mouse) were
inoculated together with prostatic SM cells (5.0 x
10° cells/mouse). More than five times as much
prostatic tissue was obtained when the epithelial cells
were co-inoculated with SM cells compared with the
amount of tissue formed when each cell type was
inoculated alone (P <0.01). The amount of tissue
obtained when all three lines were inoculated together
(114.0 £50.1 mm®) was not significantly different from
that found when either epithelial cell line was co-
inoculated with the SM cell line (B4+S5=1304+
53.5 mm? L+S=87.5+28.3 mm®). Histologic exam-
ination of the prostatic tissue masses that were obtained
after co-inoculation of luminal and basal epithelial cells
with SM cells revealed in some instances structures that
resembled prostatic ducts (Fig. 2A,B) that were lined by
cells expressing luminal (CK 8) (Fig. 2C,D,F) and basal
(CK 14) (Fig. 2E/JF) cytokeratins and that were
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Fig. I. Epithelial/smooth muscleinteractions promote the forma-
tion of prostatic tissue under the renal capsule. Collagen gels con-
taining basal cells (B); luminal cells (L); smooth muscle cells (S); basal
and smooth muscle cells (B + S); luminal and smooth muscle cells
(L + S); and luminal, basal, and smooth muscle cells (L + B + S) were
inoculated under the renal capsule. Animals were killed 5 weeks
later, and tissue volume was measured. Each bar represents the
mean = 5D of the tissues from six kidneys (five kidneys in the case
of smooth muscle cells).

surrounded by stromal tissue containing SM cells
(Fig. 2M,N). In some instances the lumen of ducts
contained secretory material. This material and the
luminal epithelial cells contained secretory products
specific to that of the dorsal prostate (Fig. 1G,H) (the
lines were established from the dorsolateral prostate
of p53 null mice). The cells producing the secretory
products expressed luminal CK 8 (Fig. 2LJ). This
finding indicates that, in this prostatic model system,
luminal epithelial/stromal interactions occur that
result in the production of functional secretory pro-
ducts by the luminal epithelial cells of the ducts.
Staining of regions of duct-free stromal tissue with pan-
cytokeratin antibodies indicated that they also con-
tained epithelial cells (Fig. 2K,L), although these cells
did not express either luminal or basal cytokeratins
(data not shown). As the cell lines expressed either
basal (PE-B-1) or luminal (P-LE-1) cytokeratins in vitro
[20-22], this finding indicates that they may have lost
their specific cytokeratin expression but not their
epithelial character when located in regions of tissue
that did not contain ductal elements. Basal and luminal
cytokeratins may only be expressed when epithelial
cells are in a ductal orientation. Random tissue sec-
tions through transplants showed that approximately
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Fig. 2. Histologicproperties of tissue derived from the co-inoculation of epithelialand smooth muscle cells. A: A paraffin section of prostatic
tissue stained with hematoxylin and eosinarising fromthe co-inoculationofbasal (PE-B- 1), luminal (PE-L-1), and smooth muscle (SM; PSMCI) cell
lines. B: A paraffin section of prostatic tissue stained with hematoxylin and eosin showing a low-power view of the field depicted in A. C: A
paraffinsection of prostatic tissue arising frominoculation of all threelines showing luminal cells surrounding ducts stained by using a horseradish
peroxidase (HRP)-conjugated murine antibody against K8 keratin and diaminobenzidine (DAB) as substrate. D: A paraffin section of prostatic
tissue showing a low-power view of the field depicted in C. E: A paraffin section of prostatic tissue arising from inoculation of all three lines
showing basal cells surrounding ducts stained by using an HRP-conjugated murine antibody against Ki4 keratin and DAB as substrate. F: A
paraffin section of prostatic tissue arising from inoculation of all three lines stained with HRP-conjugated normal mouse immunoglobulin (Ig)
Gindicatedthatthe cytokeratinstainingin C,D,and Ewas specific.G: A paraffinsectionof prostatic tissuearising frominocutation ofluminaland
SM cells showing that the ductal epithelial cells contain and secrete (boxed inset) prostatic products specific to the mouse dorsal prostate.
Sections were stained with rabbit antibodies specific for dorsal prostatic secretory products and visualized with secondary goat anti-rabbit
HRP-conjugated antibodies with DAB as substrate. H: A paraffin section and secretory material (boxed inset) stained with normal rabbit serum
indicated that the stainingin Gwas specific. I: A paraffin section of prostatic tissue arising frominoculation of luminaland SMcells showing CK 8-
expressing luminal cells. J: A paraffin section of prostatic tissue arising from inoculation of luminal and SM cells stained with HRP-conjugated
normal mouse IgGindicated that the CK 8 staining in | was specific. K: A paraffin section of prostatic tissue arising from inoculation of all three
lines showing cytokeratin expressing cells stained with a wide spectrum rabbit anti-cytokeratin IgG and visualized with a secondary goat anti-
rabbit biotinylated antibody by using the Vectastain Elite ABC kit. L: A paraffin section of prostatic tissue arising from inoculation of all three
lines stained with rabbit IgG and visualized with a secondary goat anti-rabbit biotinylated antibody by using the Vectastain Elite ABC kit, indi-
cated that the staining in Kwas specific. M: A paraffinsection of prostatic tissue arising frominoculation of all three lines showing SM expressing
cells stained with amurine anti-o smooth muscleactinantibody and visualized with a secondary goat anti-mouse HRP-conjugatedantibody with
NovaRed as substrate. N: A paraffin section of prostatic tissue arising from inoculation of all three lines stained with a normal murine antibody
and visualized with a secondary goat anti-mouse HRP-conjugated antibody with NovaRed as substrate indicated that the staining in M was
specific. O: A paraffin section of prostatic tissue arising from inoculation of green fluorescent protein (GFP) -transfected basal, luminal, and
SM cell lines showing GFP-expressing cells stained with a rabbit anti-GFP antibody visualized with a secondary goat anti-rabbit biotinylated
antibody by using NovaRed as substrate. P: A paraffin section of prostatic tissue arising from inoculation of GFP-transfected basal, luminal,
and SM cell lines stained by using normal rabbit serum visualized with a secondary goat anti-rabbit biotinylated antibody by using NovaRed as
substrate indicated that the staining in O was specific. Scale bars = 50 umin A,C,E~P, 300 uminB,D.
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10-15% of the transplants showed evidence of gland
formation. The majority of the tissue is composed of
stromal cells and consists of a mixture of stromal and
epithelial cells (Fig. 2K) in a ratio of 3:1, with relatively
few glandular cells present (Fig. 2B,D). Thus, in this
system, stromal growth requires the presence of an
epithelial element. When GFP-transfected cell lines
were inoculated, the prostatic tissue expressed GFP
(Fig. 20,P), indicating that the tissue was of donor
origin. '

As all three cell lines expressed androgen receptor
protein and as androgens stimulated the growth of the
basal and SM cell lines in vitro [20-22], we determined
the effects of androgens on the growth of prostatic
tissue in vivo. The growth of tissue derived from
mixtures of basal and SM cells was significantly less in
castrated animals than in intact animals (Fig. 3;
P <0.05), whereas although less growth of tissue was
observed in castrated animals that received mixtures of
luminal and SM cells, the differences were not signi-
ficant (Fig. 3; P =0.19). These results indicate that the
growth of tissue derived from mixtures of basal and SM
cell lines was responsive to androgens in vivo.
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Fig. 3. The effect of androgens on the growth of prostatic tissue
under the renal capsule. Basaland smooth muscle (B + S)andluminal
and smooth muscle (L+ S) cells were inoculated under the renal
capsule ofintact and castrated animals. Animals were killed 4 weeks
later, and tissue volume was measured. Significantly less tissue was
present in castrated animals receiving basal and SM cells (*P < 0.05).
There was no significant difference in prostatic tissue in intact or
castrated animals inoculated with luminal and SM cells (**P = 0.019).
Each bar represents the mean + SD of the prostate tissues from
five kidneys.

These results show that both the luminal and basal
epithelial cell lines reconstitute prostatic tissue when
inoculated under the renal capsule in the presence of
normal prostatic SM cells, whereas none of the lines
form significant prostatic tissue when inoculated alone.
In addition, luminal cells are functionally active as they
produce prostatic secretory products. Moreover, the
growth of tissue obtained from basal and SM cell
combinations is androgen responsive.

Doxazosin Inhibits Growth of Prostatic
Tissue InVivo

As doxazosin, an al-adrenergic receptor antagonist,
is administered to alleviate the symptoms of BPH, we
determined its effect on the amount of prostatic tissue
derived from combinations of basal, luminal, and SM
cells. We found that significantly less prostatic tissue
was obtained in animals treated with doxazosin
compared with that noted in control animals (Fig. 4;
P <0.05). The histologic composition of the tissue was
similar in both groups of animals.
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Fig. 4. Doxazosin reduces the amount of prostatic tissue under
the renal capsule. Basal, luminal, and smooth muscle cells were
inoculated under the renal capsule of control animals and those
receiving doxazosin. Significantly less prostatic tissue was present
in doxazosin-treated animals (*P < 0.05). Each bar represents the
mean + SD of the tissues from 18 kidneys.
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DISCUSSION

We have shown that both basal and luminal
epithelial cell lines formed prostatic tissue under the
renal capsule when combined with a prostatic SM cell
line, whereas these lines formed very little tissue when
inoculated alone. Luminal cells also produced prostatic
secretory material. In addition, the amount of tissue
formed when basal epithelial and SM cells were
combined was androgen sensitive, as less tissue was
noted in castrated animals. The administration of
the al-adrenergic antagonist, doxazosin, resulted in
significantly less tissue under the renal capsule. To the
best of our knowledge, these cell lines represent the first
panel of prostatic cell lines that are capable of recon-
stituting prostatic tissue in vivo in a syngeneic mouse
model system. The rat basal cell line NRP-152 has been
shown to differentiate into prostatic ductal structures
containing luminal cells secreting prostatic products
when inoculated with urogenital mesenchyme (UGM)
under the renal capsule in immunodeficient mice,
whereas no glandular architecture was noted when
cells were inoculated with 10T1/2 fibroblasts [25].
Studies using UGM in place of the prostatic SM cell line
are planned to determine whether the inductive
influence of UGM differs from that of the SM cell line.

An interesting finding is that the amount of tissue
formed from combinations of basal and SM cell lines
was diminished in castrated animals, indicating that
tissue formation was androgen sensitive. Although all
three cell lines express androgen receptor protein, only
the basal and SM cell lines are androgen responsive
in vitro [20,21]. The SM cells produce significant
amounts of TGF-B, which stimulates their growth in
an autocrine manner, and dihydrotestosterone in-
creases proliferation of the SM cells by promoting
TGF-pB secretion [21]. It is possible, therefore, that a
dynamic interaction between the androgen receptor
axis and the TGF-B signaling pathway may regulate
growth in this in vivo model system. Similar interac-
tions may be involved in the abnormal growth that
accompanies prostatic hyperplasia. Co-culture of
luminal and SM cells in vitro increased the amounts
of active TGF-B generated by the cell lines [20],
indicating that one of the components mediating the
increased stromal growth noted when combinations of
epithelial and SM cells are inoculated under the renal
capsule may be increased levels of active TGF-B
generated by epithelial /SM interactions. TGF-B accu-
mulates at mesenchymal/epithelial interfaces during
mouse prostate development [32] and in a TGF-B-
transduced mouse prostate reconstitution model,
TGF-p accumulation was observed in areas of benign
hyperplasia [18]. There are reports that TGF-p may be
either stimulatory [33,34] or inhibitory [35-37] to the

growth of prostatic stromal cells. Some of this dis-
crepancy may be related to the amounts of TGF-§ used
in these studies, as low levels (0.01 ng/ml) of TGE-B
have been shown to stimulate growth of human
prostatic stromal cells, whereas higher levels (1 ng/
ml) have been shown to inhibit growth [34]. As TGF-B
is produced in a latent form that requires activation
before binding to its signaling receptors [38,39] it is
possible that the increased stromal element noted in
BPH could result from aberrant stromal/epithelial
interactions in BPH that result in generation of levels of
active TGF-B, which promote growth of stromal tissue.

Doxazosin significantly inhibited the amount of
prostatic tissue formed by epithelial /stromal interac-
tions in our subrenal capsule model of prostatic cellular
interactions. Sympathetic regulation of SM tone in the
prostate and bladder neck by means of al-adrenergic
receptors is considered to be relevant in the urethral
obstruction associated with BPH, and al-adrenergic
antagonists, such as doxazosin, that inhibit SM con-
tractility have been used for the treatment of urinary
symptoms associated with BPH. Doxazosin has also
been reported to have effects on apoptosis that are
independent of a1-adrenergic receptor expression, and
it may induce stromal regression in BPH by both a1-
adrenergic—dependent and —independent pathways
[24,4041].

CONCLUSIONS

By using epithelial and SM cell lines established
from p53 null mice, we have established a novel in vivo
model for investigating the interactions between
prostatic SM and epithelial cells. We show that
prostatic tissue containing epithelial and stromal
elements is generated under the renal capsule when
epithelial cell lines are inoculated with SM cells,
whereas none of the cell lines form significant amounts
of tissue when inoculated alone. Luminal cells produce
and secrete prostatic secretory products specific to that
of the dorsolateral prostate. Castration reduces the
amount of tissue formed when basal and SM cells are
co-inoculated, indicating that the growth of this tissue
is androgen responsive. Finally, the al-adrenergic
antagonist doxazosin diminishes the amount of pro-
static tissue generated, indicating that this model may
be useful for identifying promising therapeutic agents
for treating BPH.
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BACKGROUND. We have derived a panel of p53-null prostatic “basal” and “luminal”
epithelial cell lines and their ras transformed counterparts to study stromal/epithelial
interactions and the properties of tumors arising from ““basal” and “luminal” cells.
METHODS. Previously derived normal murine prostatic “basal” epithelial (PE-B-1) and
“luminal” epithelial (PE-L-1) cell lines were transformed with N-Ras. These lines and a
spontaneously transformed “luminal” cell line were inoculated subcutaneously or orthotop-
ically into athymic mice, alone or in combination with normal prostatic smooth muscle cells
(SMC).

RESULTS. All transformed lines formed subcutaneous tumors. SMC significantly enhanced
the growth rate of the tumors arising from the “basal’”” and one of the “luminal” cell lines.
The transformed ‘“basal” line gave rise to tumors expressing both “basal’” and “luminal”
cytokeratins.

CONCLUSIONS. Prostatic SMC promote the growth of transformed epithelial cells,
suggesting that prostatic stroma may promote tumor development. Furthermore, transformed
“basal” cells give rise to tumors containing “luminal” cells, suggesting that although most
human tumors have a “luminal” phenotype, they may originate from transformed “basal”

cells. Prostate 51: 175-188,2002. © 2002 Wiley-Liss, Inc.
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INTRODUCTION

Prostate cancer is a major health concern that repre-
sents an increasingly large burden on health resources
in the Western world [1]. However, despite the mag-
nitude of this problem, progress in prostate disease
research has been limited by the lack of adequate
animal models that reproduce the spectrum of human
prostate disease, namely benign, latent, aggressive,
and metastatic forms [2]. Several groups have devel-
oped human prostate cancer cell lines [2-8] and
xenografts [9,10] which have been used as model
systems for the examination of the process of malig-
nant transformation. However, most prostatic cell lines
are derived from metastatic prostate cancer and are
appropriate for studying advanced progression of the
disease and treatment [11]. To our knowledge there

© 2002 Wiley-Liss, Inc.

are no reports of normal murine prostatic cell lines that
have transformed counterparts and that can be used to
examine the manner in which such cells differ in their
growth responses in vitro and in vivo.

Ras genes comprise a highly conserved ubiquitous
eukaryotic gene family that plays a fundamental role
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in normal cellular proliferation [12]. Mammalian
ras genes can be activated to acquire transformation-
inducing properties by single point mutations in their
coding sequence [13-15]. Transformation of primary
cells generally requires the introduction of two com-
plementary oncogenes such as ras and myc [16] and
may also require inactivation or mutation of tumor
suppresser genes such as p53 [17-20]. However, estab-
lished immortalized rodent cell lines are readily
transformed by the introduction of a single activated
ras oncogene [21,22]. In addition it has been shown
that the introduction of ras into animals with a defec-
tive p53 gene results in a dramatic increase in the
malignant features of the transformed cells and in
matastasis [23].

The murine prostatic epithelium is comprised of
basal cells and secretory luminal cells. Prostate stem
cells are thought to reside in the basal layer and it is
proposed that the basal cells give rise to the luminal
cells via an intermediate cell type that expresses both
basal and luminal characteristics [24-30]. Recent sup-
porting evidence for this comes from a rat basal cell
line that has been shown to give rise to luminal cells
both in vitro [31] and in vivo [32]. The nature of
the cells that serve as the targets of transformation in
the prostate that give rise to prostatic carcinoma are
currently unknown. However, prostatic tumor cells
usually have a luminal phenotype [33-35], suggesting
that if transformation takes place in a basal cell, it must
give rise to luminal cells that undergo unlimited
proliferation. Alternatively the luminal cells may be
transformed directly. As yet, it is unclear which pro-
cess occurs in prostatic carcinoma.

There is compelling evidence to support the concept
that a functional stromal response contributes to cancer
progression [36]. Previous reports have indicated that
stromal cells stimulate tumor progression [36—40].
Paracrine signaling between other cell types and carci-
noma cells plays an important role in tumor formation,
affecting efficiency of tumor formation, tumor growth
rate and size, invasiveness of the tumor, and devel-
opment of metastases [41].

We have recently established a panel of murine
prostatic cell lines from p53 null mice that repre-
sents the major cell types in prostatic tissue [42,43].
To study the behavior of transformed prostatic basal
and luminal cells in vivo and in vitro we transfor-
med our panel of normal “basal” and “luminal” cell
lines using a ras oncogene, thereby creating trans-
formed counterparts to these lines. We found that
the growth of two of the cell lines was signifi-
cantly enhanced by smooth muscle cells (SMC) in
vivo and that the transformed “‘basal” cell line gave
rise to cells with “luminal” features when inoculated
intraprostatically.

MATERIALS AND METHODS
Materials

Collagenase was obtained from Sigma Chemical
Company, St. Louis, MO, (Type II, C-6885), Vitrogen-
100 collagen from Collagen Corporation, Paclo Alto,
CA, Dulbecco’s modified Eagle’s medium (DMEM)
and Ham'’s F-12 medium from Gibco BRL, Rockville,
MD, and fetal bovine serum (FBS) from Intergen Co,
Purchase, NY.

Cell culture media contained the following addi-
tives from Sigma Chemical Company: insulin, cholera
toxin, hydrocortisone, transferrin, phosphoethanola-
mine, dihydrotestosterone (DHT), glutamine, and
bovine serum albumin (BSA). Other additives includ-
ed fibroblast growth factor-2 (Scios Nova, Sunnyvale,
CA), epidermal growth factor (Genzyme, Cambridge,
MA), and bovine pituitary extract (Gibco BRL).

Antibodies to basal cytokeratins 5 and 14 (BL18
and LL001) and luminal cytokeratins 8 and 18 (LE41
and LE61) were a gift from Prof. E.B. Lane (Dundee,
Scotland). A wide spectrum anti-cytokeratin poly-
clonal antibody was a gift from T-T Sun (New York,
NY). Monoclonal antibody to cytokeratin 8 was
also obtained from Progen Immuno-Diagnostica,
Heidelberg, Germany. This antibody was directly
coupled with HRP using Dako’s Envision + kit (Dako,
Carpinteria, CA). FITC-labeled goat anti-rabbit and
goat anti-mouse antibodies were from Sigma Chemi-
cal Company and Southern Biotechnology Associates,
Birmingham, AL, respectively. TGF-B neutralizing
antibody, 1D11.16 was from Genzyme. The antibody
to green fluorescent protein (GFP) was from Invitro-
gen, Carlsbad, CA. HRP-linked goat anti-mouse and
rabbit were obtained from Amersham Life Science,
Inc., Arlington, IL.

Animals

Athymic mice from the National Institutes of Health
were used for all in vivo experiments. Mice were
housed in a climate-controlled facility and all animal
care and procedures were performed in compliance
with IACUC guidelines.

Cell Culture

Normal prostatic cell lines were established from
p53 null C57BL/6 mice [42,43]. These lines included
two smooth muscle cell lines (PSMC1 [42] and
PSMC2), a “basal” epithelial cell line (PE-B-1) and a
“luminal” epithelial cell line (PE-L-1) [43]. The SMC
lines were cultured in DMEM with 10% FBS. The
normal “basal’” and “luminal” cell lines were trans-
fected with the N-RasV12 proto-oncogene to generate
tumorigenic counterparts, as described below. The
“basal”’ and “luminal” epithelial cell lines were grown
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in serum-containing and serum-free media respec-
tively, with additives as described previously [43].

Transfection With Green Fluorescent
Protein (GFP) and N-RasVI2 Construct

Cells were transfected with expression vector
pTracer-SV40 (Invitrogen) which has a GFP tag and
into which we cloned a N-Ras proto-oncogene, with a
site-directed V12 mutation, creating vector pTracer-
SV40-N-RasV12. The ras oncogene was amplified from
vector pS65-N-RasV12 (provided by A. Pellicer, New
York, NY) using the following primers: 5 GAA TCC
AGG ATG GCC ATG ACT GAG TAC AAA CTG GTG
GTG and 3' GCG GCC GCT TACATC ACC ACA CAT
GGC AAT CC. The PCR product was gel purified and
cloned into PCR Blunt (Invitrogen). The plasmid was
amplified in One Shot Competent Cells (Invitrogen)
and the N-RasV12 insert was excised with EcoRI and
Notl, gel purified and sub-cloned into the pTra-
cerSV40 vector, which was used for transfection of
the cell lines following sequencing to check the
orientation and fidelity of the N-RasV12 insert. Cells

" were seeded at 0.5 x 10° cells/m] in 35 mm dishes and

cultured overnight in their regular media, prior to
transfection. Transfection was performed using
FuGene (Roche, Carlsbad, CA), according to the
specifications of the manufacturer and transfected
cells were selected using Zeocin (Invitrogen). Cells
were examined for expression of GFP by immuno-
fluorescent microscopy using a Zeiss Axiophot micro-
scope and for the N-RasV12 gene by RT-PCR and
Western blot as described below.

RT-PCR for N-RasVI2

The presence of the N-RasV12 insert in transfected
cells was confirmed by RT-PCR. Total RNA was
extracted from a confluent cell monolayer using TriZol
(Gibco BRL) according to the manufacturer’s instruc-
tions. One microgram of total RNA was used for RT-
PCR using the Titan One Tube RT-PCR kit (Roche). The
primer pairs used were 5" GAA TCC AGG ATG GCC
ATG ACT GAG TAC AAA CTG GTG GTG and 3' GCG
GCC GCT TAC ATC ACC ACA CAT GGC AAT CC.

Conditions for all RT-PCR reactions were: dena-
turation at 94°C for 1 min, annealing at 57°C for 1 min,
and extension at 72°C for 2 min for 30 cycles followed
by a final extension at 72°C for 10 min. Integrity of
the PCR DNA was checked by enzyme restriction
analysis.

Western Blot

Expression of androgen receptors (ARs) and
N-RasV12 protein was confirmed by Western blot.
Confluent cell layers were washed once with 1 ml

phosphate buffered saline (PBS) pH 7.4 and cells lysed
in lysis buffer (0.15 M NaCl, 50 mM Tris-HCl pH 7.4,
1% Triton X-100, 1% deoxycholate, 0.4 mM Pefablock
(Roche), and 3 pg/ml Pepstatin A (Sigma Chemical
Company). Samples were electrophoresed through 7%
(AR) or 14% (N-ras) sodium dodecyl sulphate (SDS)—
polyacrylamide gels and then electroblotted onto a
polyvinilidene difluoride membrane (Immobilon-P,
Millipore Corp., Bedford, MA) with transfer buffer
containing 10% (v/v) methanol. Blots were incuba-
ted overnight at 4°C with a 1:200 dilution of rabbit
polyclonal anti-AR antibody (N-20, Santa Cruz, Inc.,
Santa Cruz, CA) or a 1:100 dilution of mouse
monoclonal pan-ras Abl (Oncogene, San Diego, CA).
Horseradish peroxidase (HRP)-labeled secondary
antibody (sheep anti-rabbit or anti-mouse mouse IgG
antibody, Amersham Life Science, diluted 1:10,000)
was added for 1 hr at room temperature. Bands
were visualized by enhanced chemiluminescence
(Amersham Life Science).

Immunohistochemistry

Immunocyto- and immunohistochemistry were
performed on cultured cells and tissue sections of
tumors, respectively. Cells were seeded at 1x 10*
cells/well in 8-well Lab-Tek chamber slides (Nalge
Nunc International, Naperville, IL) and cultured until
80% confluent, after which they were fixed and stained
for cytokeratins 8/18 or 5/14 as described previously
[42,43] or for a wide range of cytokeratins using a wide
spectrum anti-cytokeratin antibody [44,45].

Tumor tissues were fixed in 70% ethanol or 4%
paraformaldehyde and embedded in paraffin. Four
micrometer sections were cut using a Spencer 820
microtome. Paraffin sections were deparaffinized in
xylene and alcohol and rehydrated in PBS. Endogen-
ous peroxidase was quenched by incubating with
0.5% H,0, in PBS (v/v) for 30 min at 37°C. Sections
were then incubated for 1 hr at room temperature in
50% goat serum in PBS containing 0.1% BSA (v/v)
followed by incubation for 1 hr at room temperature
with appropriate primary antibodies against cytoker-
atins or GFP. After washing, tissue sections were
incubated with FITC-linked or HRP-linked secondary
antibodies, followed by a second washing step and
incubation with peroxidase substrate in the case of
HRP-linked antibodies (NovaRed substrate kit for
peroxidase, Vector, Burlingham, CA). Antibodies to
cytokeratin 8 that were directly coupled to HRP, using
the Dako EnVision + kit were also used to examine
sections of tumors for cytokeratin 8 expression. GFP
was detected using the Vectastain Elite ABC kit
(Vector, Burlingham, CA), according to the manufac-
turer’s instructions. Slides were counter-stained in
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hematoxylin using standard methods and mounted
with Permount. Positive controls included normal
prostate sections for cytokeratin antibodies and pros-
tate sections from a transgenic mouse expressing GFP
in all of its tissues C57BL/6-TgN(ACTbEGFP) 10sb
(The Jackson Laboratory, Bar Harbor, ME) for GFP
antibodies.

Cell Proliferation Assays

We determined the effect of TGF-8 (1, 0.1, and
0.01 ng/ml) and DHT (107-10""* M) on cell growth.
Cells were seeded in duplicate wells in 24-well plates
at 2x 10* cells/well in DMEM with 10% FBS and
allowed to adhere for 24 hr. For the proliferation
assays performed to determine the effects of DHT,
cells were seeded in DMEM containing 10% androgen-
free charcoal-stripped fetal bovine serum [46]. After
cell adherence, the medium was replaced with DMEM
with 2% charcoal-stripped FBS and the appropriate
concentrations of TGF-B or DHT. Cells were enu-
merated by counting every 24 hr on an Improved
Neubauer hemocytometer.

Colony Formation Assays

Cells were cultured in soft agar to determine their
ability to proliferate in an anchorage-independent
manner. Five hundred microliters of appropriate
medium and 500 pl of 1% agar at 50°C were mixed
in sterile 15 ml conical tubes and added to 35 mm
tissue culture dishes. Cells were seeded on this layer of
solidified agar at 1 x 10*/ml in 0.33% agar containing
the appropriate media for each cell type. After the agar
solidified, it was overlaid with 1 ml of the appropriate
medium preferred by that cell type and placed at 37°C
in a humidified incubator containing 5% CO,. This
medium was replaced with fresh medium after 1 week.
Colonies of more than eight cells were counted after
14 days.

Measurement of TGF-f3 Production

. Production of TGF-B by the normal cell lines and
their transformed counterparts was measured using
the transfected mink lung cell (TMLC) TGF-p bioas-
say [42,43,47]. Cells were seeded at 2 x 10* cells/ml in
35-mm dishes in their preferred media, which was
replaced after 24 hr with 2 ml of DMEM containing
0.1% low endotoxin BSA. In the case of non-adherent
cells, cells were seeded initially in DMEM containing
2% FBS to facilitate attachment of the cells prior to
addition of the DMEM-BSA medium. Conditioned
BSA medium was removed after 24 hr and added to
the TMLC, either directly (for measurement of active
TGF-B) or after heating at 80°C for 10 min (to convert
latent TGF-p to the measurable active form). After 16—

20 hr the TMLC were lysed and TGF-B was measured
as described previously [42,43,47]. A TGE-B neutraliz-
ing monoclonal antibody (antibody 1D11.16; 20 pg/ml)
was added to each sample of conditioned medium
to confirm that the activity measured resulted from
TGF-p activation. All experiments were performed in
triplicate.

Tumor Formation in Athymic Mice

Tumorigenicity of the cell lines was determined
after subcutaneous inoculation of cells from subcon-
fluent monolayers of normal cell lines. Each cell line
(5% 10° cells/100 ul) was inoculated into the sub-
scapular region of five 6 week-old male athymic mice.
Athymic mice were used as GFP can elicit an immune
response in syngeneic hosts [48]. The tumorigenic
“basal” and “luminal” epithelial cells were inoculated
alone or in conjunction with 2.5 x 10° normal prostatic
SMC. Cells were inoculated into intact or castrated
mice to determine the effect of androgens on tumor
growth. Mice were examined twice weekly for at least
6 weeks for evidence of tumor growth and tumor
volume was measured. Tumors were removed, fixed
in 70% ethanol or 4% paraformaldehyde, and exam-
ined histologically and immunohistochemically for
expression of cytokeratins and GFP. These experi-
ments were repeated three times.

A transformed ‘‘basal”’ cell line, TE-B-1, was also
injected at 0.5 x 106 cells/lobe/10 plin the dorsolateral
prostate of seven 6-week old male athymic mice. The
cells were injected into both lobes of the dorsolateral
prostate, using a dissecting microscope and a 30-guage
needle. Mice were sacrificed after 6 weeks and the
prostatic tumors were removed and their volumes
recorded. Results were expressed as the mean +/—
standard deviation (SD) and data were analyzed using
the Student t-test. Tumors were examined histologi-
cally and immunohistochemically for the presence of
GFP and “basal” and “luminal” cytokeratins.

RESULTS

Phenotype of Transformed Cell Lines

Three tumorigenic epithelial cell lines were derived
by N-RasV12-transformation ‘of the parental “‘basal”
and “luminal” cell lines. One of these was “basal” in
origin (line TE-B-1) and two were “luminal”’ in origin
(lines TE-L-1 and TE-L-2). A third, spontaneously
transformed “luminal” line (TE-L-4) was derived by
passaging normal PE-L-1 cells through athymic mice.
Although the PE-L-1 cell line was generally non-
tumorigenic when inoculated subcutaneously in male
athymic mice, in one animal a small subcutaneous
tumor developed after 8 weeks. The cell line, TE-L4,
was derived from this tumor. The N-Ras-transforma-
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tion was achieved by transfecting the parental cell
lines with vector pTracerSV40-N-RasV12 that has
both a GFP gene and the N-RasV12 proto-oncogene.
The presence and activity of the N-RasV12 gene was
confirmed in TE-B-1, TE-L-1, and TE-L-2 by RT-PCR
and Western blot (data not shown). Lines TE-L-1, -2,
and -4 were cultured in serum-free medium and line
TE-B-1 was cultured in serum-containing medium,
described previously [43].

The parental PE-B-1 “basal” line and transformed
line TE-B-1 had a similar morphology (Fig. 1A,D).
Cells were large, with many rounded cells floating free
in the medium or adhering loosely to the monolayer.
Like the parental cells, TE-B-1 cells expressed cytoker-
atin 5 (Fig. 1B,E) and 14 but not cytokeratins 8 or 18
(data not shown). Fluorescence could not be detected
in fixed cells probed with normal control mouse or
rabbit IgG (Fig. 1C,F), confirming that the fluorescence
was due to specific FITC-label and not to the GFP
expressed by the cells. GFP cannot be detected in cells
fixed with methanol:acetone (50:50 v:v).

The adherent transformed TE-L-2 cells had a similar
morphology to the parental “luminal” cell line, line
PE-L-1, but in addition to the adherent cuboidal cells,
there were also many round unattached cells growing
in the medium (Fig. 1G,M). Like the parental line, TE-
L-2 cells expressed cytokeratins 8 and 18 (Fig. 1H,N)
but no basal cytokeratins (data not shown). The cells of
lines TE-L-1 (Fig. 1]) and TE-L-4 (Fig. 1P) were round
and refractile and grew in an anchorage independent
manner in the absence of serum. In the presence of low
serum (2% FBS) these cells attached to the culture dish,
although they continued to grow in clusters rather
than as a monolayer (not shown). Lines TE-L-1
(Fig. 1K) and TE-L-4 (Fig. 1Q) both expressed luminal
cytokeratins and no basal cytokeratins.

Effect of DHTand TGF-f8 on Normal
and Transformed Cell Lines

We examined the effect of androgens and TGF-$ on
the growth of the transformed lines as these factors
were shown to affect growth of their normal counter-
parts [42,43]. Both the parental “basal” line, PE-B-1,
and its transformed counterpart, TE-B-1, expressed
ARs, as detected by Western blot analysis (Fig. 2A).
Parental line PE-B-1 responded mitogenically to DHT,
showing a 20% increase in growth rate in the presence
of 10~? M DHT [43]. The transformed “basal” line,
TE-B-1, was more sensitive to the mitogenic effects of
DHT than its parental line (PE-B-1), with growth being
stimulated by 20-40% by 10~'2~10~® M DHT (Fig. 2B).
The PE-L-1 parental “luminal” line also expressed
androgen receptors but did not respond to DHT.
Growth of the transformed lines, TE-L-1, -2, and -4,
was similarly unaffected by DHT (data not shown).

Growth of the parental “basal” line, PE-B-1, and
the transformed “‘basal”’ line, TE-B-1, were unaffected
by TGF-B (data not shown). TGF- significantly inhi-
bited the growth of the parental “luminal” epithelial
cell line, PE-L-1. In the presence of 1 ng/ml of TGF-§,
PE-L-1 growth is reduced by 42% after 6 days [43].
Tumorigenic lines TE-L-1, -2, and -4 showed varied
responses to this cytokine. The growth of lines TE-L-1
and -2 was not significantly affected by TGF-B
(Fig. 2C), indicating resistance to the inhibitory effect
of this cytokine. However the growth of TE-L-4 was
significantly inhibited by TGF-B, with growth being
reduced by 70% in the presence of 1 ng/ml of the
cytokine (Fig. 2C).

TGF-f3 Production and Activation

Tumor lines have been reported to lose sensitivity
to TGF-B growth inhibition and to produce and
activate increased amounts of TGF-f, which may
enhance malignant progression [35]. The mink-lung
luciferase assay for TGF-B quantifies both active TGF-B
and latent TGF-B that has been converted into its
biologically active form [42,4347]. The parental
“basal” cell line, PE-B-1, produced significant amounts
of TGF-B [43]. The transformed ‘‘basal” line, TE-B-1,
produced 220 pg/ml of latent TGF-B, significantly less
than the 375 pg/ml produced by the parental line,
PE-B-1 (Fig. 3). The parental “luminal” line, PE-L-1,
produced low amounts of TGF-f [43]. Tumor lines TE-
L-1 and -4 produced between 30 and 50 pg/ml of
latent TGF-B, comparable to that produced by the
parental line PE-L-1 (Fig. 3). Line TE-L-2 did not
produce any measurable latent TGF-B. None of the cell
lines produced any measurable active TGF-B (results
not shown).

Growth in Soft Agar

The ability of cells ‘to grow in an anchorage-
independent manner is a characteristic of transformed
cells. We therefore seeded the cell lines in 0.33% agar
and counted colonies of more than eight cells after
2 weeks of culture. Both the parental, PE-B-1, and the
transformed TE-B-1, ‘‘basal”’ cell lines had a low,
comparable colony forming efficiency of 1% (Table ).
The parental “luminal” cell line PE-L-1 did not form
colonies in this assay [43]. However, all of the trans-
formed “luminal” cell lines exhibited anchorage-
independent growth, with a colony forming efficiency
of 11-13% (Table ).

Subcutaneous and Orthotopic Tumor Formation

We examined the ability of the transformed
epithelial cell lines to form tumors by inoculating the
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Fig. 2. A:Western blot analysis of androgen receptor (AR) pro-
tein. Lanes | and 2: AR protein detected in 100 pg of total cellular
protein from cell lines PE-B-1 (parental “basal”) and TE-B-| (trans-
formed “basal”), respectively. Lane 3: AR protein detected in 30 pug
of total cellular protein from control LNCaP cells. B: Growth of
the parental “basal” line, PE-B-1, and the transformed “basal” line,
TE-B-1, in the absence and presence of DHT. Cells were seeded at
2x 10* cells/well in 24-well plates in DMEM with 10% charcoal-
stripped fetal bovine serum. After 24 hr, medium was replaced with
DMEM containing 2% charcoal-stripped FBS and 1078 10" 2 M DHT
and cells were counted after 4 days. Control wells received an etha-
nol vehicle. C: Growth of parental lumina! cell line PE-L-1 and trans-
formed linesTE-L-1, -2, and -4 in the absence and presence of TGF-§.
Cells were seeded at 2 x 10* cells/wellin 24 well plates in DMEM with
10% FBS. After 24 hr, medium was replaced with DMEM containing
2% FBS and 0.01 - I ng/m! TGF-B. Cells were counted after 6 days.
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Fig. 3. Production of TGF- by parental and transformed “basal”
and “Juminal” epithelial cell lines. Cells were seeded at 2 x 10* cells/
ml in 35 mm dishes in their preferred media, which was replaced
after 24 hr with 2 m! of DMEM containing 0.1% BSA. Conditioned
medium was removed after a further 24 hr, heat activated at 80°C
for 10 min and placed onto TGF-B-responsive mink lung epithelial
cells (TMLC). After 20 hr, theTMLC were lysed and TGF-B was mea-
sured and quantified by comparison with a standard curve.

cells subcutaneously into athymic mice. All four
transformed epithelial cell lines formed progressively
growing subcutaneous tumors. The rate of tumor
growth varied between: the lines, with line TE-L-4
growing most rapidly, while tumors from TE-L-1 grew
slowly (Fig. 4). All mice inoculated with transformed
epithelial lines developed tumors within 3 weeks and
animals were sacrificed within 6 weeks. Lungs and
axiliary lymph nodes were removed from all mice and
examined histologically for evidence of metastases but
none of the lines proved to be metastatic. There was no
significant difference in tumor growth rate or size in
the presence (intact mice) or the absence (castrated
mice) of androgens (not shown).

Previous reports have indicated that normal stro-
mal cells such as fibroblasts can increase the tumori-
genic potential of tumor cell lines in vivo [38,39,49].
In order to determine whether prostatic stroma could
promote the growth of prostatic tumors we inoculated
our tumor cell lines subcutaneously in the absence
and presence of two normal prostatic smooth muscle

Fig. I. Phenotype of parental epithelial cell lines, PE-B-1 and PE-L-|, and their transformed counterparts, TE-B-1, TE-L-1, -2, and -4. A and
D: Phase contrast micrographs of PE-B-! (A) and TE-B-1 (D) showing similar cobblestone appearance ‘at confluence and large, round cells
adhering loosely to the monolayer. B and E: Immunoflourescence micrographs showing expression of basal cytokeratin 14 by PE-B-1 (B) and
TE-B-1 (E), using FITC-labeled anti-CKI4 antibodies. G: Phase contrast micrograph of PE-L-I showing polygonal morphology. H: Immuno-
fluorescence micrograph showing expression of cytokeratin 8 by PE-L-|, using a FITC-labeled anti-CK8 antibody. } and P: Phase contrast
micrographs of TE-L-I (}) and TE-L-4 (P) showing round, refractile cells growing in an anchorage independent manner. M: Phase contrast
micrograph of line TE-L-2 showing cells growing with typical epithelial polygonal morphology as well as non-adherent cells growing in
an anchorage independent manner. K, N, and Q: Immunofiourescence micrographs showing transformed lines TE-L-1 (K), TE-L-2 (N),
and TE-L-4(Q) expressing cytokeratin 8. Each cell line was stained with an appropriate normal rabbit or mouse IgG (C, F, 1, L, O, R). Magnifica-

tion, x 400.
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TABLE I. Colony Forming Efficiencies of Normal and
Transformed Epithelial Cell Lines in Soft Agar

Seeded cell

Cell line number Colonies (SD)  Efficiency (%)
PE-B-1 1 x 10* 98 (11) 1.0
TE-B-1 1x10* 94 (13) 1.0
PE-L-1 1 x 10* 0 0
TE-L-1 1x10* 1270 (37) 12.7
TE-L-2 1x10* 1303 (31) 13.0
TE-L-4 1x10* 1138 (109) 114

cell lines, PSMC1 [42] and PSMC2 (Fig. 5A,B). Prostatic
smooth muscle was used rather than prostatic fibro-
blasts as prostatic epithelium is enveloped by SMC.
Growth of tumors arising from TE-L-1 and TE-L-2 cells
was not affected by PSCM1 or PSMC2 (data not
shown). Tumors arising from TE-L-4 cells however
were significantly stimulated by the presence of
PSMC1 after 3.5-4 weeks (P < 0.05; Fig. 5A). Growth
of tumors from line TE-B-1 was increased by both
PSMC1 and PSCM2 (P<0.05 and <0.01; Fig. 5B).
These results indicate that the growth of tumors that
arose from the transformed “‘basal” cells (TE-B-1) and
one of the transformed “luminal” cell lines (TE-L-4)
was significantly enhanced by the presence of pro-
static SMC.

The tumors arising from each transformed line
inoculated alone were examined histologically.
Tumors obtained from TE-B-1 had a uniform epithelial
morphology (Fig. 6A). They expressed both GFP and
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Fig. 4. Growth of subcutaneous tumors in athymic mice. Trans-
formed cell lines, TE-B-1, TE-L-|, -2, and -4 were inoculated at
5 x 10 cells/I00 pi in the subscapular region of 6-week-old male
athymic mice. Tumor size was measured twice a week.
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Fig. 5. Growth of subcutaneous tumors in the absence and
presence of normal murine prostatic smooth muscle cells (SMC).
Transformed cell linesTE-L-4 (A), TE-B-1 (B), were inoculated sub-
cutaneously either alone (5 x 10° cells/I00 pl), or in combination
with prostatic SMC (lines PSCM! and PSCM2) (5 x 10° epithelial
cells with 2.5 x 10° normal SMC/100 ul). Mice were examined
twice weekly for evidence of tumor growth and tumor volume
was measured.

basal cytokeratins at a low level, indicating their
basal” origin. They did not express luminal cytoker-
atins. Tumors arising from TE-L-1 and -2 were poorly
differentiated with irregular epithelial cords inter-
spersed with elongated stromal-like cells (Fig. 6B,C).
The phenotype of tumors formed by line TE-L-4 was
distinct in that they contained duct-like structures that
were lined with cuboidal epithelial cells that strongly
expressed luminal cytokeratins 8 and 18 (Fig. 6D,E).
Tumors from lines TE-L-1 and -2 did not express either
basal or luminal cytokeratins. All tumors obtained
from transformed “luminal” cells contained GFP-
expressing cells, although GFP expression was at a
significantly lower level than found when the trans-
formed cell lines were cultured in vitro.
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Fig. 6. Histology of subcutaneous tumors arising from transformed epithelial cell lines. A: Paraffin-section of a tumor arising from the
transformed “basal” line, TE-B-1, showing uniform epithelial morphology. B and C: Paraffin-sections of tumors arising from transfor-
med “luminal” linesTE-L-| (B) and TE-L-2 (C) showing poorly differentiated tissue interspersed with irregular epithelial cords and elongated
stromal-like cells. D and E: Paraffin sections of a tumor arising from TE-L-4 cells, showing ducts lined with epithelial cells (D-arrows), that
strongly expressed luminal cytokeratin, CK 8 (E). Use of normal rabbit or mouse IgG indicated that the cytokeratin staining was specific

(F). Bars= |00 um.

The TE-B-1 “basal” cell line was inoculated
orthotopically to determine the effect of intraprostatic
inoculation on its growth. Tumors (Fig. 7A) were
removed, fixed, and examined for cytokeratin expres-
sion and were found to express both “basal” (Fig. 7B)
and “luminal” cytokeratins (Fig. 7C). This result
indicates that transformed “basal” cells give rise to
“luminal” cells when inoculated into a prostatic en-
vironment, confirming that “luminal” tumors may
arise from transformed “basal” cells. Examination of
the tumors using a wide-spectrum anti-cytokeratin
antibody showed that the majority of the cells were
epithelial in origin (Fig. 7E). Furthermore, the TE-B-1

origin of the cells in all tumors was confirmed by
detecting GFP expression by immunohistochemistry.
It could be shown that a majority of the cells within
both subcutaneous tumors arising from inoculation
of TE-B-1 cells in conjunction with prostate smooth
muscle cells (Fig. 8A) and orthotopic tumors arising
from TE-B-1 cells alone (Fig. 8C) expressed GFP. Since
only the transformed epithelial cells and not the co-
inoculated normal smooth muscle cells were trans-
fected to express GFP, this result indicates that neither
co-inoculated prostate smooth muscle cells nor host
stromal cells contributed significantly to the tumor
mass.
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Fig. 7 Morphology and cytokeratin expression of intraprostatic tumors arising from the transformed “basal” cell line, TE-B- 1. A: Gross
morphology of intraprostatic tumors (*) growing in both lobes of the dorsolateral prostate. SV, seminal vesicle; B, bladder. Bar = 0.5 mm.
Intraprostatic tumors arising from the transformed “basal” cell line were removed from sacrificed mice, fixed in 70% ethanol, embedded in
paraffin and sectioned. Tissue sections were examined immunohistologically using antibodies to basal (CK14) and luminal (CK 8) cytokeratins.
Tumors arising from lineTE-B- | were found to contain cells expressing basal cytokeratins (B) and scattered luminal cytokeratins (C-arrows).
Use of a wide spectrum anti-cytokeratin antibody confirmed that all the cells were epithelial in origin (E). Use of normal mouse or rabbit IgG
indicated that the cytokeratin staining was specific (D and F). Bars = [00 um.

DISCUSSION

Cell lines can provide powerful models for study-
ing the acquisition and expression of the malignant
phenotype. In this article we characterize the N-
RasV12-transformed counterparts of a panel of normal
murine prostatic “basal’” and “luminal” epithelial cell
lines in terms of their behavior in vitro and in vivo.
Included in this panel is one spontaneously trans-
formed luminal epithelial cell line. To our knowledge
this is the first report of such a panel of cell lines
derived from an inbred strain of mice.

We used the N-Ras oncogene to transform our
normal “basal” (PE-B-1) and “luminal” (PE-L-1)

prostatic cell lines. The normal parental cell lines were
derived from p53 null C57BL/6 mice [42,43] and the
absence of this gene in conjunction with the ras gene
was sufficient to transform the cell lines. The fre-
quency of Ras mutations in prostatic cancer in the
United States is low and the mutations are primarily
associated with advanced metastatic disease [50].
However 24% of prostatic carcinomas examined in
Japanese men have Ras mutations [51,52]. The expres-
sion of Ras has been useful in studying prostatic
carcinomas in murine models. Established immorta-
lized rodent cell lines are readily transformed by the
introduction of a single activated ras oncogene [21,22].
In addition it has been shown that the introduction of
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Fig. 8. Expression of GFP by cells in subcutaneous and orthotopic tumors. Subcutaneous and intraprostatic tumors were removed from
sacrificed mice, fixed in 4% paraformaldehyde, embedded in paraffin and sectioned.Tissue sections were examined immunohistologically using
antibodies to GFP. Most of the cells in both subcutaneous tumors arising from TE-B-1 cells inoculated with prostate smooth muscle cells
(A) and orthotopic tumors arising from line TE-B-1 inoculated alone (C) were found to express GFP, confirming that the tumors originated
from the inoculated transformed TE-B-1 line. Use of normal mouse IgG indicated that the GFP staining was specific (B and D). Bars = 100 pm.

Ras into animals with a defective p53 gene results in a
dramatic increase in the malignant features of the
transformed cells and in metastasis [23]. Since our
parental lines were derived from p53 null mice and
Ras has been used successfully to study prostatic
carcinogenesis [23,54,55], we used transformation by
Ras to derive our panel of transformed prostatic epi-
thelial cell lines.

Normal, non-tumorigenic parental “basal” epithe-
lial cells (line PE-B-1) were large round cells that
expressed cytokeratins 5 and 14. At confluence, the
cells formed islands with a typical epithelial cobble-
stone morphology (Fig. 1). The tumorigenic cell line
(TE-B-1) also expressed cytokeratins 5 and 14 and
exhibited a similar morphology to its parental line
although the cultures contained significantly more
round unattached cells (Fig. 1). DHT was mitogenic for
both cell lines (Fig. 2B). TE-B-1 cells formed tumors
when inoculated subcutaneously or orthotopically
(Figs. 4 and 7). Although line TE-B-1 responds mito-
genically to DHT in vitro, the cells are not androgen
responsive in vivo, as tumor growth was not signi-
ficantly altered in castrated animals. While TE-B-1
cells expressed significant amounts of basal cytoker-
atins in vitro, expression was diminished in the
subcutaneous tumors, suggesting that the cells may

have dedifferentiated in vivo. However, the cells of
orthotopic tumors expressed high levels of basal cyto-
keratins, suggesting that cytokeratin expression may
be enhanced by the prostatic environment. In addition,
the intraprostatic tumors formed from the trans-
formed “basal’’ line also contained cells that expressed
luminal cytokeratins indicating that prostatic tumors
expressing luminal cytokeratins can arise from trans-
formed “basal”’ cells (Fig. 7). Therefore, although most
human prostate carcinomas have a luminal pheno-
type, they may arise originally from transformed
“pasal” cells.

Normal parental “luminal” epithelial cells, line PE-
L-1, grew in a characteristic cobblestone pattern and
expressed cytokeratins 8 and 18 (Fig. 1). The tumori-
genic lines, TE-L-1, -2, and -4, differed morphologi-
cally from the parental cell line. TE-L-2 resembled its
parent in that attached islands of cells were present,
but in addition, cultures contained many non-adher-
ent cells. TE-L-1 and -4 grew as loosely attached round
cells in culture. While both TE-L-1 and 2 continued
to express cytokeratins 8 and 18 in culture, TE-L-4,
a spontaneous transformant, expressed these cyto-
keratins in a far weaker and heterogeneous manner
(Fig. 1). However, tumors that arose from TE-L-4 cells
contained ducts that strongly expressed luminal
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cytokeratins 8 and 18 indicating that this transformed
cell line retained the ability to form prostatic ducts
in vivo (Fig. 6). DHT had no effect on the growth of
any of the “luminal” cell lines in vitro or in vivo. All
three transformed lines were capable of anchorage-
independent growth in soft agar and they formed
subcutaneous tumors in vivo (Fig. 4).

There is compelling evidence to support the con-
cept that a functional stromal response contributes to
cancer progression [36], with previous reports indicat-
ing that stromal cells stimulate tumor progression
[36-40]. Paracrine signaling between other cell types
and carcinoma cells has an important role in tumor
formation, affecting efficiency of tumor formation,
tumor growth rate and size, invasiveness of the tumor
and development of metastases [41]. As SMC are
adjacent to prostatic epithelial cells, we inoculated our
tumor lines subcutaneously in the presence and
absence of normal prostatic SMC. We found that the
growth of tumors arising from TE-B-1 and TE-L~4 cells
was enhanced by the stromal cells, suggesting that
prostatic smooth muscle may promote tumor devel-
opment (Fig. 5). The mechanism by which the stroma
contributes to tumorigenesis is unknown. It is possible
that the presence of the SMC supports and stabilizes
the injected epithelial cells during the inoculation
procedure, facilitating their growth. None of the tumor
lines proved metastatic in vivo.

A common feature of cancer cells is their autocrine
production of cytokines and their unresponsiveness to
growth suppressors [35]. TGF-Bs are multifunctional
modulators of cell growth, differentiation, and func-
tion and recent evidence indicates that they are im-
plicated in the tumor suppressor pathway [56,57].
In its biologically active form, TGF-B generally exerts
a growth-inhibitory effect on prostatic epithelial cells
that may lead to the death of the cells [36,58-60]. In
the case of stromal cells, TGF-B, may have either a
stimulatory [42,61] or an inhibitory [60,62,63] effect on
the growth of the cells. In the normal prostate TGF-p is
considered to regulate growth through its antiproli-
ferative effects while in tumorigenesis, TGF-B has a
biphasic role, having inhibitory growth effects at early
stages but at later stages enhancing both the tumori-
genic process and invasion [64]. Loss of sensitivity to
growth inhibition by TGF-B is linked to malignant
progression [35,65]. We therefore examined our cell
lines for their growth responses to TGF-B and for
the endogenous production and activation of this
cytokine. The growth of the normal and transformed
“basal” cells was unaffected by TGF-B. We have
discussed possible reasons for the lack of response of
PE-B-1 to TGF-B previously [43]. Since the TE-B-1 line
is derived from this parental line, it is not surprising
that the transformed line would also be resistant to

the growth-inhibitory effects of TGF-B. TGEF-§ is
inhibitory for the growth of the parental “luminal”
cell line (PE-L-1) [42] and one of the transformed lines
(TE-L-4). Lines TE-L-1 and -2 were not significantly
inhibited by TGF-p indicating that these lines had lost
their sensitivity to TGF-p. None of the “basal” or
“luminal” tumor cell lines produced or activated
significantly more TGF-B than their normal parental
cell counterparts.

CONCLUSIONS

We describe the characteristics of a panel of normal
murine prostatic “basal” and “luminal” cell lines and
their transformed counterparts. These cell lines have a
number of interesting features. The rate of subcuta-
neous tumor formation of the transformed ‘“basal’ cell
line and one of the “luminal” cell lines is considerably
enhanced by the simultaneous inoculation of prostatic
SMC. This may be relevant as prostatic smooth muscle
lies adjacent to the prostatic epithelium and may
contribute to the tumorigenic process. Furthermore,
tumors arising from intraprostatic inoculation of
transformed “‘basal’’ cells also contained cells expres-
sing luminal cytokeratins, indicating that some of
the transformed “‘basal” cells had differentiated to a
luminal phenotype. This suggests that carcinomas
with a luminal phenotype may arise from transformed
“basal” cells. Finally, one of the tumorigenic “lumi-
nal” cell lines gave rise to tumors that formed ductal
structures that strongly expressed cytokeratins 8 and
18. These cell lines will therefore be useful for studying
the interactions between prostatic tumor cells and
smooth muscle cells that promote tumorigenesis. They
can also be used for investigating the manner by
which transformed “‘basal” cells give rise to cells with
luminal features.

REFERENCES

1. Mitchell S, Abel P, Ware M, Stamp G, Lalani E. Phenotypic and
genotypic characterization of commonly used human prostatic
cell lines. BJU Int 2000;85:932-944.

2. Foster CS, Cornford P, Forsyth L, Djamgoz MB, Ke Y. The
cellular and molecular basis of prostate cancer. BJU Int 1999;83:
171-194.

3. Bright RK, Vocke CD, Emmert-Buck MR, Duray PH, Solomon
D, Fetsch P, Rhim JS, Linechan WM, Topalian SL. Generation
and genetic characterization of immortal human prostate
epithelial cell lines derived from primary cancer specimens.
Cancer Res 1997,57:995-1002.

4. Peehl DM, Sellers RG, Arnstein P, Kung HF, Rhim JS. Altered
growth regulation and loss of response to retinoic acid accom-
pany tumorigenic transformation of prostatic cells. Anticancer
Res 1999;19:3857-3864.

5. Schwab TS, Stewart T, Lehr ], Pienta KJ, Rhim ]S, Macoska JA.
Phenotypic characterization of immortalized normal and
primary tumor-derived human prostate epithelial cell cultures.
Prostate 2000;44:164-171.




Transformed Prostatic Epithelial Cell Lines 187

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

. Webber MM, Bello D, Quader S. Immortalized and tumorigenic

adult human prostatic epithelial cell lines: characteristics and
applications Part 2. Tumorigenic cell lines. Prostate 1997;30:58-
64.

. Webber MM, Bello D, Quader S. Immortalized and tumorigenic

adult human prostatic epithelial cell lines: characteristics and
applications. Part 3. Oncogenes, suppressor genes, and applica-
tions. Prostate 1997;30:136-142.

. Zhau HY, Zhou J, Symmans WF, Chen BQ, Chang SM, Sikes

RA, Chung LW. Transfected neu oncogene induces human
prostate cancer metastasis. Prostate 1996,28:73-83.

. Kubota T. Metastatic models of human cancer xenografted in

the nude mouse: the importance of orthotopic transplantation.
J Cell Biochem 1994;56:4-8.

van Weerden WM, Romijn JC. Use of nude mouse xeno-
graft models in prostate cancer research. Prostate 2000;43:263~
271.

Webber MM, Quader ST, Kleinman HK, Bello-DeOcampo D,
Storto PD, Bice G, DeMendonca-Calaca W, Williams DE.
Human cell lines as an in vitro/in vivo model for prostate
carcinogenesis and progression. Prostate 2001;47:1-13.
Barbacid M. Ras genes. Annu Rev Biochem 1987;56:779-827.
Reddy EP, Reynolds RK, Santos E, Barbacid M. A point
mutation is responsible for the acquisition of transforming
properties by the T24 human bladder carcinoma oncogene.
Nature 1982;300:149-152.

Tabin CJ, Bradley SM, Bargmann CI, Weinberg RA, Papageorge
AG, Scolnick EM, Dhar R, Lowy DR, Chang EH. Mechanism of
activation of a human oncogene. Nature 1982;300:143-149.
Taparowsky E, Suard Y, Fasano O, Shimizu K, Goldfarb M,
Wigler M. Activation of the T24 bladder carcinoma transform-
ing gene is linked to a single amino acid change. Nature 1982;
300:762-765.

Land H, Parada LF, Weinberg RA. Tumorigenic conversion of
primary embryo fibroblasts requires at least two cooperating
oncogenes. Nature 1983;304:596—602.

Hollstein MC, Peri L, Mandard AM, Welsh JA, Montesano R,
Metcalf RA, Bak M, Harris CC. Genetic analysis of human
esophageal tumors from two high incidence geographic areas:
frequent p53 base substitutions and absence of ras mutations.
Cancer Res 1991;51:4102-4106.

Levine AJ, Momand ], Finlay CA. The p53 tumour suppressor
gene. Nature 1991;351:453-456.

Lu X, Park SH, Thompson TC, Lane DP. Ras-induced
hyperplasia occurs with mutation of p53, but activated ras
and myc together can induce carcinom without p53 mutation.
Cell 1992;70:153~161.

Newbold RF, Overell RW. Fibroblast immortality is a pre-
requisite for transformation by EJ c-Ha-ras oncogene. Nature
1983;304:648-651.

Chiao PJ, Kannan P, Yim SO, Krizman DB, Wu TA, Gallick GE,
Tainsky MA. Susceptibility to ras oncogene transformation is
coregulated with signal transduction through growth factor
receptors. Oncogene 1991;6:713-720.

22. Varmus HE. The molecular genetics of cellular oncogenes.

Annu Rev Genet 1984;18:553-612.

23. Taylor WR, Egan SE, Mowat M, Greenberg AH, Wright JA.

24.

Evidence for synergistic interactions between ras, myc and a
mutant form of p53 in cellular transformation and tumor
dissemination. Oncogene 1992;7:1383-1390.

Bonkhoff H, Stein U, Remberger K. Multidirectional differ-
entiation in the normal, hyperplastic, and neoplastic human

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

prostate: simultaneous demonstration of cell-specific epithelial
markers. Hum Pathol 1994;25:42-46.

De Marzo AM, Nelson WG, Meeker AK, Coffey DS. Stem cell
features of benign and malignant prostate epithelial cells. ] Urol
1998;160:2381-2392.

Ilio KY, Nemeth JA, Lang S, Lee C. The primary culture of rat
prostate basal cells. J Androl 1998;19:718-724.

lio KY, Sensibar JA, Lee C. Effect of TGF-beta 1, TGF-alpha, and
EGF on cell proliferation and cell death in rat ventral prostatic
epithelial cells in culture. J Androl 1995;16:482-490.

English HF, Santen R], Isaacs JT. Response of glandular versus
basal rat ventral prostatic epithelial cells to androgen with-
drawal and replacement. Prostate 1987;11(3):229~242.

Coffey DS, Isaacs JT. Prostate tumor biology and cell kinetics-
theory. Urology 1981;17 (Suppl 3):40-53.

Isaacs WB. Structural and functional components in normal and
hyperplastic canine prostates. Prog Clin Biol Res 1984;145:307-
331

Danielpour D. Transdifferentiation of NRP-152 rat prostatic
basal epithelial cells toward luminal phenotype: regulation by
glucocorticoid, insulin-like growth factor-I and transforming
growth factor-beta. J Cell Sci 1999;112(Pt 2):169-179.

Hayward SW, Haughney PC, Lopes ES, Danielpour D, Cunha
GR. The rat prostatic epithelial cell line NRP-152 can differ-
entiate in vivo in response to its stromal environment. Prostate
1999;39:205-212.

Sherwood ER, Theyer G, Steiner G, Berg LA, Kozlowski JM, Lee
C. Differential expression of specific cytokeratin polypeptides
in the basal and luminal epithelia of the human prostate.
Prostate 1991;18:303-314.

. Wernert N, Seitz G, Achtstatter T. Immunohistochemical

investigation of different cytokeratins and vimentin in the
prostate from the fetal period up to adulthood and in prostate
carcinoma. Pathol Res Pract 1987;182:617-626.

Barrack ER. TGF beta in prostate cancer: a growth inhibitor that
can enhance tumorigenicity. Prostate 1997;31:61-70.

Cunha GR. Role of mesenchymal-epithelial interactions in
normal and abnormal development of the mammary gland and
prostate. Cancer 1994;74 (Supp] 3):1030-1044.

Cunha GR, Battle E, Young P, Brody J, Donjacour A, Hayashi N,
Kinbara H. Role of epithelial-mesenchymal interactions in the
differentiation and spatial organization of visceral smooth
muscle. Epithelial Cell Biol 1992;1:76-83.

Gartner MF, Wilson EL, Dowdle EB. Fibroblast-dependent
tumorigenicity of melanoma xenografs in athymic mice. Int J
Cancer 1992;51:788-791.

Loizidou MC, Carpenter R, Laurie H, Cooper AJ, Alexander P,
Taylor 1. Growth enhancement of implanted human colorectal
cancer cells by the addition of fibroblasts in vivo. Br J Surg
1996,83:24-28.

Olumi AF, Dazin P, Tisty TD. A novel coculture technique
demonstrates that normal human prostatic fibroblasts contri-
bute to tumor formation of LNCaP cells by retarding cell death.
Cancer Res 1998;58:4525-4530.

Elenbass B, Weinberg RA. Heterotypic signaling between
epithelial tumor cells and fibroblasts in carcinoma formation.
Exp Cell Res 2001;264:169-184.

. Salm SN, Koikawa Y, Ogilvie V, Tsujimura A, Coetzee S,

Moscatelli D, Moore E, Lepor H, Shapiro E, Sun TT, Wilson EL.
Transforming growth factor-beta is an autocrine mitogen for a
novel androgen-responsive murine prostatic smooth muscle
cell line, PSMC1. J Cell Physiol 2000;185:416—424.




e Ty

-

Salmetal.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Salm SN, Koikawa Y, Ogilvie V, Tsujimura A, Coetzee S,
Moscatelli D, Moore E, Lepor H, Shapiro E, Sun TT, Wilson EL.
Generation of active TGF-beta by prostatic cell cocultures using
novel basal and luminal prostatic epithelial cell lines. J Cell
Physiol 2000;184:70-79.

. Sun TT, Green H. Immunofluorescent staining of keratin fibers

in cultured cells. Cell 1978;14:469-476.

Sun TT, Green H. Keratin filaments of cultured human
epidermal cells. Formation of intermolecular disulfide bonds
during terminal differentiation. J Biol Chem 1978;253:2053-
2060.

Soto AM, Sonnenschein C. The role of estrogens on the
proliferation of human breast tumor cells (MCF-7). J Steroid
Biochem 1985;23:87-94.

Abe M, Harpel JG, Metz CN, Nunes I, Loskutoff DJ, Rifkin DB.
An assay for transforming growth factor-beta using cells
transfected with a plasminogen activator inhibitor-1 promo-
ter-luciferase construct. Anal Biochem 1994;216:276-284.
Stripecke R, Carmen Villacres M, Skelton D, Satake N,
Halene S, Kohn D. Immune response to green fluorescent
protein: implications for gene therapy. Gene Ther 1999;6:1305-
1312

Hennigan TW, Allen-Mersh TG. The influence of fibroblasts on
the growth of human colorectal carcinoma xenografts. Surg
Oncol 1994;3:275-277.

Anwar K, Nakakuki K, Shiraishi T, Naiki H, Yatani R, Inuzuka
M. Presence of ras oncogene mutations and human papilloma-
virus DNA in human prostate carcinomas. Cancer Res 1992;52:
5991-5996.

Konishi N, Enomoto T, Buzard G, Ohshima M, Ward JM, Rice
JM. K-ras activation and ras p21 expression in latent prostatic
carcinoma in Japanese men. Cancer 1992;69:2293-2299.

Carter BS, Epstein JI, Isaacs WB. Ras gene mutations in human
prostate cancer. Cancer Res 1990;50:6830-6832.

Land H, Parada LF, Weinberg RA. Cellular oncogenes and
multistep carcinogenesis. Science 1983;222:771-778.
Thompson TC, Southgate J, Kitchener G, Land H. Multistage
carcinogenesis induced by ras and myc oncogenes in a
reconstituted organ. Cell 1989,56:917-930.

Thompson TC, Park SH, Timme TL, Ren C, Eastham JA,
Donehower LA, Bradley A, Kadmon D, Yang G. Loss of p53

56.

57.

58.

59.

60.

61.

62.

65.

function leads to metastasis in ras --myc-initiated mouse
prostate cancer. Oncogene 1995;10:869-879.

Roberts AB, Flanders KC, Heine Ul, Jakowlew S, Kondaiah P,
Kim 8], Sporn MB. Transforming growth factor-beta: multi-
functional regulator of differentiation and development. Philos
Trans R Soc Lond B Biol Sci 1990;327:145-154.

Sehgal I, Baley PA, Thompson TC. Transforming growth factor
beta 1 stimulates contrasting responses in metastatic versus
primary mouse prostate cancer-derived cell lines in vitro.
Cancer Res 1996;56:3359-3365.

Cunha GR, Alarid ET, Turner T, Donjacour AA, Boutin EL,
Foster BA. Normal and abnormal development of the male
urogenital tract. Role of androgens, mesenchymalepithelial
interactions, and growth factors. J Androl 1992;13:465-475.

Danielpour D, Kadomatsu K, Anzano MA, Smith JM, Sporn
MB. Development and characterization of nontumorigenic and
tumorigenic eptithelial cell lines from rat dorsallateral prostate.
Cancer Res 1994;54:3413-3421.

Lee C, Sintich SM, Mathews EP, Shah AH, Kundu SD, Perry KT,
Cho JS, Llio KY, Cronauer MV, Janulis L, Sensibar JA.
Transforming growth factor-beta in benign and malignant
prostate. Prostate 1999;39:285-290.

Sporn MB, Roberts AB. Transforming growth factor-beta: recent
progress and new challenges. J Cell Biol 1992;119:1017-1021.
Peehl DM, Sellers RG. Induction of smooth muscle cell
phenotype in cultured human prostatic stromal cells. Exp Cell
Res 1997;232:208-215.

. Story MT, Hopp KA, Meier DA, Begun FP, Lawson RK.

Influence of transforming growth factor beta 1 and other
growth factors on basic fibroblast growth factor level and
proliferation of cultured human prostate-derived fibroblasts.
Prostate 1993;22:183-197.

. Rowley DR, Dang TD, McBride L, Gerdes MJ, Lu B, Larsen M.

Beta-2 microglubulin is mitogenic to PC-3 prostatic carcinoma
cells and antagonistic to transforming growth factor beta 1
action. Cancer Res 1995;55:781-786.

Kalkhoven E, Roelen BA, de Winter JP, Mummery CL, van den
Eijnden-van Raaij AJ, van der Saag PT, van der Burg B.
Resistance to transforming growth factor beta and activin due
to reduced receptor expression in human breast tumor cell
lines. Cell Growth Differ 1995;6:1151-1161.




